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Effects of Viscosity

(1)

(1)+(2)

Song&Heinz

    1)  Flow of the fluid

    2)  Momentum 
distribution function

ideal

Two different effects :

( ) 0( ) ( )i i if f fδ= +



G. Denicol Tech-qm

 BGK

 Chapman-Enskog-Hilbert

 Variational Methods

Bhatnagar, Gross and Kook (1954)
Marle (1964)

Hilbert (1912), Chapman (1916) and Enskog (1917)
Marle (1964) 

Several Approaches

Robinson, Bernstein (1952), Van Leeuwen (1971) 

 Moments Method
Maxwell (1867), Grad (1949) , Mintzner(1965)
Chernikov (1963), Stewart (1969), Marle (1966/69) 
Israel&Stewart(1978)
 

De Groot’s book
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Several Approaches

 Moments Method
Maxwell (1867), Grad (1949) , Mintzner(1965)
Chernikov (1963), Stewart (1969), Marle (1966/69) 
Israel&Stewart(1978)
 

Usually applied in
HIC

However, the method was constructed 
for a single component fluid
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What we investigate

 Moments Method for a mixture

 What are the differences ?
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Grad’s Method (by IS)
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Solution
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Solution

shear viscosity

( )2 2
( ) ( ) ( ) 0( ) 0( )

1 1
(2 1)!!

n q q
nq i i i i iJ d E K f af

q
ω −= −

− ∫
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Solution

shear viscosity

( )2 2
( ) ( ) ( ) 0( ) 0( )

1 1
(2 1)!!

n q q
nq i i i i iJ d E K f af

q
ω −= −

− ∫

Boltzmann Gas 
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Comment
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Relaxation Times

If all cross sections are the same we return to a degenerate 
gas

Massless limit, Boltzmann Gas, Constant Cross Sections
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2 Components
Massless limit, Boltzmann Gas, Constant Cross Sections

Bjorken Scalling
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Conclusions

 Corrections to the equilibrim distribution function 
will depend on the irreversible currents for each 
particle species

 Same will happen for the equations of motion   

Can we obtain hydro?
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